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(57) Abstract 

A surfing ship (30) that generates a singular water wave (43) andrides on its crest (44) at high speeds. Two complementary features 
to assist in the transition are provided: the first comprising a pair of hydrofoils (50) on either side of the ship near its bottom to increase 
surface area and span to Eft the ship upwards at the low speed beginning of its transition; and second, a set of symmetric nested concavities 
(32-34) of increasing camber on the bottom of the ship itself to reduce the wetted area in a controlled manner as the ship approaches its 
cruise mode at high speeds. The hydrofoils (50) are retractable, enabling their extension for transition and cruise and their retraction for 
high speed cruise. The nested bottom concavities are bounded by forward ramps (32r, 33r, 34r) and aft steps (32s, 33s, 34s) to control 
water contact, with the increasing camber towards the center of the nest matrJiiTig the convex slope increase of the surfing wave with speed. 
A flexible plate (70) bridging the innermost concavity changes its camber to match the convex slope of the surfing wave during cruise. 
Stability and control during cruise is enhanced by a two-level system including both aerodynamic and hydrodynarmc stability and control 
surfaces (61. 62, 63. 64). 
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1 0 SURFING SHIP TRANSITION SYSTEM 

Related Application Information 

The present application is a continuation-in-part of U.S. Patent Application 
Serial No. 08/078,604 filed on June 17, 1993 entitled SURFING SHIP 
TRANSITION SYSTEM. 

15 Background of the Invention 

A basic system to provide efficient high speed ocean transport was 
disclosed in U.S. Patent No. 3,274,966 issued Sept. 27, 1966, outlining a ship 
having a concave underside to generate a singular water wave from the forward 
motion of the ship, on which the ship rides above the rough ocean surface. At 

20 rest and at low speed this ship operates in a conventional displacement mode, 
where lift is provided by buoyancy forces. Speed in this mode is limited by wave 
drag due to water waves generated on the ocean surface. At high speed the 
concave bottom of the ship generates a singular water wave and rides on its 
crest in a dynamic lift mode referred to as surfing. In this mode the bulk of the 

25 ship is above the ocean surface with substantially reduced hull wetted area and 
surface friction, enabling cruise speeds in excess of 100 knots. 

Transition between the low speed displacement mode and the high speed 
surfing mode requires additional provisions to generate sufficient dynamic lift at 
intermediate speeds to raise the ship from its displacement position, immersed 

30 in the water, to its cruise position on the crest of the surfing wave, and to 
provide stability and control to the ship when it rises above the ocean surface. 
These needs define the requirements for the present invention. 
Summary of the Invention 

The present invention provides transition systems enabling the surfing 

35 ship to climb up and out of the water at intermediate speeds to reach its high 
speed surfing position above the ocean surface, and enabling the surfing ship to 
maintain stability and control when it rises above the ocean surface. These 
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1 transition systems are directed toward maximum use of surface area and span 

to generate lift at low speeds, with this area decreasing to reduce drag as the 
ship gains speed and water clearance, and toward advantageous use of 
aerodynamic and hydrodynamic effects to maintain stability and control. 

5 Two complementary transition means are provided to lift the ship up to 

the ocean surface. The first means is a pair of retractable hydrofoils, one on 
each side of the ship near its bottom and center of gravity. The second means 
is a set of nested concavities of increasing camber on the bottom of the ship 
itself, the innermost concavity having a surfing plate of variable camber. These 

10 two means are complementary in that at low speeds the hydrofoils extend the 
ship bottom concavity sideways to provide a large continuous span to increase 
lift with modest induced drag. As the ship gains speed and rises in the water, 
the hydrofoils are retracted or raised into the air at a significant dihedral angle, 
reducing the wetted area and drag. At higher speeds approaching cruise, the 

1 5 wetted area of the ship is further reduced by the nested concavity bottom shape. 

The hydrofoils are a lifting shape in section and extendable from the sides 
of the ship to continue the ship bottom concavity to a large span, thereby 
providing an increased area, large aspect ratio, lifting planform. These hydrofoils 
generate additional lift at intermediate transition speeds with acceptable induced 

20 drag, thus helping to lift the ship out of the water to attain its position on the 
wave crest for high speed surfing operation. Hinge or pivoting mechanisms 
connect the hydrofoils to the ship enabling these foils to be extended under 
water to provide additional lift at intermediate or transition speeds, to be 
extended in the air at a significant dihedral angle to provide aerodynamic roll 

25 stability during the later stages of transition and high speed cruise, and to be 
retracted for low speed displacement operation and docking as well as for high 
speed cruise, if desired. The retraction mechanism enables the hydrofoils to 
operate at intermediate dihedral positions either under water or above the surface 
to provide roll stability. The mechanisms in addition incorporate provisions for 

30 changing the hydrofoil angle of attack. 

The nested bottom concavities, disposed symmetrically fore and aft about 
the ship center of gravity, are of increasing camber towards the center of the 
nest. At low speed the water wave initially contacts an extensive portion of the 
ship bottom. As the ship gains speed, the wetted area decreases symmetrically 

35 fore and aft, increasing its load intensity or pressure per square foot. This 
increase in load intensity pushes the singular water wave higher with an 
increased slope near its crest, further decreasing the bottom wetted area and 
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1 lifting the ship further upwards on the ocean surface. Thus the contact area 

initially shrinks with increasing speed from an extensive concavity to a short 
concavity. However, as speed continues to increase, the wave steepness will 
decrease, with the wave becoming more flat at its highest speed, and the 

5 contact area will increase. In a first embodiment, the successive concavities are 

discrete, each bounded by well defined forward ramps and aft steps. In a 
second embodiment, the ramps are smoothed into a continuous convex/concave 
scalloped profile. A variable camber surfing plate bridging the innermost 
concavity first increases its camber as the ship moves through the speed where 

10 the convex wave is steepest, and thereafter decreases its camber as the ship's 
speed continues to increase and the convex wave becomes more flat for highest 
speed operation. In alternative embodiments, the variable camber surfing plate 
can be used in the single longitudinal concavity to match the shape of the water 
wave throughout the range of cruise speeds, replacing nested concavities. In 

1 5 this manner the ship bottom is shaped to conform to the generated convex wave 
over a range of operating speeds during its transition until finally reaching its high 
speed cruise mode. 

When it rises above the ocean surface, the ship achieves further stability 
and control in the following manner. The addition of ailerons on the hydrofoils 

20 provides aerodynamic roll and pitch control when the hydrofoils are extended 
above the water at a dihedral angle. Aerodynamic stability and control surfaces, 
such as a conventional tail with a horizontal stabilizer and elevator as well as 
vertical fins and rudders, enhance aerodynamic yaw and pitch stability and 
control. The ship is also provided with a back-up hydrodynamic stability and 

25 control system on its bottom, comprising a horizontal surface with an elevator 
at the aft end of the ship to complement the conventional aft water rudder. The 
back-up hydrodynamic system provides stability and control in the event of an 
unusual disturbance, such as an occasional high water wave. In addition, the 
ship bottom sweeps upwards at an angle from the flat or horizontal surface 

30 either fore or aft, or both fore and aft, of the center surfing plate, thereby 
providing a displacement restoring force to enhance pitch stability in the event 
of an unusual disturbance. The up-swept bottom also provides ample clearance 
from the water surface, minimizing excessive water contact and friction even 
when the convex wave becomes more flat as the ship approaches its highest 

35 speed cruise mode. 



WO 95/00386 



PCT/US94/06864 



1 Brief Description of the Drawings 

The foregoing and other readily apparent features of the present invention 
will be better understood by reference to the following more detailed 
specification and accompanying drawings wherein: 
5 FIG. 1 is a perspective view of the surfing ship riding on the crest of its 

singular self-generated water wave at high speed; 

FIG. 2 is a perspective view of the surfing ship operating in its low speed 
displacement mode showing its retractable hydrofoils mounted on the sides of 
the ship in their extended positions under water at the beginning of the transition 
10 operation; 

FIG. 3a is a side view of the surfing ship showing the location of the 
nested bottom concavities; 

FIG. 3b is a detailed sectional view of the bottom of the ship showing the 
concavities in the nested form; 
15 FIG. 3c demonstrates the relative curvature of the various concavities 

which are shown in FIG. 3B; 

FIG. 4a shows the surfing ship operating in the displacement mode at a 
speed of approximately 1 0 to 20 knots; 

FIG. 4b shows the surfing ship operating in a transition mode at a speed 
20 of between approximately 20 and 60 knots; 

FIG. 4c demonstrates the ship in the surfing mode at a speed of between 
approximately 100 and 200 knots; 

FIG. 5 is a graphical chart presenting calculated parameters as a function 
of the ship speed to illustrate the ship force scenario in several curves, namely 
25 a. Dynamic Lift 

b. Displacement Lift 

c. Lifting Surface Wetted Area 

d. Lift Coefficient C L 

e. Lift/Drag (L/D) Ratio 
30 f. Horsepower; 

FIG. 6a is a rear sectional view of the ship showing the water surface in 
the displacement mode, transition mode and surfing mode and the hydrofoil 
transition system at various dihedral angles and vertically retracted. 

FIG. 6b is a top view of the hydrofoil attached to the side of the ship. 
35 FIG. 6c is a front view of the hydrofoil showing the hinge system and 

dihedral angle. 

FIG. 6d is a side view of the hydrofoil. 
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1 FIG. 7 illustrates a front view of a combination hydrofoil transition 

mechanism for variation of both dihedral and attack angles. 

FIG. 8a is a top view showing a first embodiment of the storage 
mechanism for the hydrofoils. 

5 FIG. 8b is a side view of the first embodiment of the storage mechanism 

for the hydrofoils. 

FIG. 9a is a side view of a second embodiment of the hydrofoil retraction 
system showing a first vertical intermediate retraction position and a second 
stowed position. 

10 FIG. 9b is a top view of a second embodiment of the hydrofoil storage 

system shown in FIG. 9A. 

FIG. 10a is a side view of a third embodiment of the hydrofoil storage 
system. 

FIG. 10b is a top view of the third embodiment of the hydrofoil storage 
1 5 system. 

FIG, 1 1 is a rear sectional view of a preferred embodiment of the hydrofoil 
transition system at various dihedral angles and vertically retracted. 

FIGS. 12a-d are a sequence of front sectional views at varying speed 
ranges showing the position of the hydrofoils during the full range of operating 
20 speeds. 

FIG. 1 3a is a top view showing the hydrofoil ailerons and the aerodynamic 
stability and control surfaces affecting yaw. 

FIG. 13b is a side view showing the aerodynamic stability and control 
surfaces affecting pitch, the hydrodynamic stability and control surfaces 
25 affecting pitch and yaw, and the upswept ship bottom. 

FIG. 1 3c is a front view showing the hydrofoils extended at a dihedral to 
enhance aerodynamic stability and control in roll during surfing mode. 

FIG. 14 is a sectional view showing the flexible surfing plate at various 
cambers in the innermost nested concavity. 
30 Detailed Description 

The surfing ship operates in the ocean in a conventional displacement 
mode at low speeds limited by its generation on the ocean surface of dissipative 
surface water waves. The ship 30 is shown in FIG. 1 in its high speed mode 
generating on the ocean surface 41 the singular surfing wave 43 and riding on 
35 its crest 44. Auxiliary means are required for the ship 30 to climb out of the 
water 40 to attain this high speed mode, and to maintain stability and control as 
the ship 30 rises above the ocean surface 41 . Two complementary transition 
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1 means are provided in the embodiments of the present invention shown in the 

drawings, namely retractable hydrofoils 50 as shown in FIG. 2 and a concave 
ship bottom 31 having nested bottom concavities 32, 33 and 34 as shown in 
FIG. 3. Hydrofoils 50 are the primary lift mechanism at low speeds, whereas the 

5 nested bottom concavities 32 - 34 are particularly beneficial at high speeds. 

Means for enhancing stability and control include aerodynamic stability and 
control surfaces 60 - 63, hydrodynamic stability and control surfaces 64 - 65, 
an upswept ship bottom 38, and the hydrofoils 50 extended at a dihedral angle, 
all as shown in FIG. 13. 

10 The surfing ship 30 is shown in FIG. 2 in its displacement mode with its 

hydrofoils 50 in their side mounted positions below the ocean surface 41 
extending from the ship lower sides 35 near its fore-and-aft center of gravity 36. 
These hydrofoils 50 are mounted adjacent the nested bottom concavities 32 - 
34, which are similarly disposed symmetrically about the ship center of gravity 

1 5 36, providing a spanwise extension of the ship concave bottom 31 and hence a 
major increase in total lifting area and span. 

The hydrofoils 50 when so extended, and to a lesser extent the nested 
bottom concavities 32 - 34, lift the ship up and out of the water 40 to the ocean 
surface 41 at intermediate speeds as shown in the sequence of FIGS- 4a-c and 

20 FIGS. 12a-d. This transition operation is coincident with generation of the 
surfing wave 43 which raises the ship 30 up and on its crest 44. 

The ship 30 is shown in its displacement mode in FIG. 4a immersed in the 
water 40, moving at low speed of the order of 1 0 - 20 knots with the hydrofoils 
50 extended but at zero angle of attack. When the hydrofoils are rotated to 

25 provide a modest angle of attack of approximately 1 2 degrees, they generate a 
large lift force, lifting the ship upwards, reducing its hull wetted area and 
generation of its dissipative surface waves, resulting in an increase in speed. In 
this manner the ship 30 will rise up as shown in the transition mode of FIG. 4b 
operating at intermediate speeds such as from 20 to 60 knots riding at an 

30 elevated level in the water 40 and generating a modest surfing wave 43. As the 
lifting process/speed increase continues, the ship 30 will rise further in the water 
40 and ride on the wave crest 44 at still higher speeds. At this point the 
hydrofoils 50 will emerge from the water 40, as shown in FIG. 1 2c, and may be 
cleared of the ocean surface 41 more by swinging them upwards in a dihedral 

35 angle, as shown in the surfing mode of FIG. 4c and FIG. 12d, reducing their 
water drag, and providing lateral stability. This allows still further increases in 
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1 speed whereby the concave bottom of the ship 31 generates all of the dynamic 

lift, but over an extended fore-and-aft length of its bottom 31 . 

With the ship 30 substantially clear of the water surface 41, the speed 
can increase further, and the bottom wetted area will continue to decrease. The 

5 ship will then be operating at high speed in a dynamic lift mode on the surfing 

wave 43, initially supported on an extensive portion of the concave ship bottom 
31- The water will then contact only the successively reduced chord 
length/increased camber of the nested concavities 32 - 34 as the increased 
loading over the decreasing wetted area increases the height of the surfing water 

1 0 wave 43 and its crest slope 44. As the ship 30 gains further speed, the wetted 
bottom area will decrease to that of the most extensive concavity 32, bounded 
by its forward ramp 32r and its aft step 32s, as shown in FIG. 3. With a further 
increase in speed the wetted area will decrease to the next concavity 33 of 
lesser extent and increased camber, bounded again by its forward ramp 33r and 

1 5 its aft step 33s. Finally the bottom wetted area will decrease to its innermost 
concavity 34 of maximum camber, bounded by its forward ramp 34r and its aft 
step 34s. 

The innermost concavity 34 is bridged by a flexible surfing plate 70, with 
hinges 71 at the fore and aft lower boundaries of the cavity, as shown in FIG. 

20 1 4. Thus, when the bottom wetted area decreases to its innermost concavity 
34, the wetted area will consist of the concave surface of the surfing plate 70. 
Means are provided to move one or both hinges 71 toward the center of the 
cavity 34, thus compressing the surfing plate 70 and bending it upward into the 
cavity 34, which provides an increased camber to determine the water wave 

25 shape 75. Various degrees of camber may be provided by suitable translational 
motion of the hinges 71 . One or more water pumps 72 support the flexible plate 
by injecting high pressure water through openings 73 into the region 74 between 
the surface of the innermost concavity 34 and the convex surface of the surfing 
plate 70. Means are known in the art for matching the water pressure in the 

30 region 74 with the pressure along the wave shape 75, or for otherwise 
preventing disruption of the wave shape 75 by leakage into the region 74. 

When the wetted area decreases to the innermost concavity 34, the 
surfing plate 70 increases in camber to match the increasing steepness of the 
wave shape 75 until the wave steepness peaks. As the speed continues to 

35 increase, the wave steepness decreases, and the surfing plate 70 decreases in 
camber accordingly, with the wave becoming more flat for highest speed 
operation. 
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1 This transition scenario is further illustrated in a quantitative sense by the 

approximate calculated parameters of FIG. 5, shown for a 30,000 ton ship 30 
as functions of the ship speed in knots. In this figure, curves begin with 
initiation of transition at 20 knots or less by extension of the hydrofoils and their 

5 rotation to their maximum angle of attack, say 1 2 degrees. Curve a shows that 

at 20 knots the hydrofoils generate a dynamic lift force of approximately half the 
ship weight, with the remaining half of the weight borne as displacement lift, as 
shown by curve b, allowing the ship to rise in the water, with a corresponding 
reduction in lifting surface wetted area, as shown by curve c. The lifting area 

10 is the sum of the hydrofoil area and the adjacent concave hull area, where the 
hydrofoil lifting area, particularly if at a dihedral angle, is reduced as its tips 
emerge from the water, and the hull lifting area is correspondingly reduced as the 
surfing wave becomes more convex. In this initial low speed lift mode the 
hydrofoils are operating at their maximum lift coefficient as shown by curve d, 

15 generating a corresponding large induced drag and a precipitous drop in the 
lift/drag (L/D) ratio, as shown by curve e. However, as the ship gains speed and 
water clearance, the surface wave generation, wetted area, induced drag, and 
friction drag will all decrease, and the ship will climb further out of the water. 
The angle of attack will be continually reduced with a corresponding decrease in 

20 the lift coefficient. At some intermediate speed the hydrofoils will emerge from 
the water as the ship rises, and may be extended at a dihedral angle to enhance 
aerodynamic stability and control in roll or retracted fully if stability is otherwise 
maintained. As shown in curve e, the drag reduction will correspond to a linear 
increase in the lift/drag (L/D) ratio, which is proportional to speed and/or the 

25 Froude number in the surfing mode. The horsepower required will increase with 
speed, as shown in curve f, rapidly in the early transition mode when the drag 
due to hydrofoil dynamic lift is large, but will level off as the drag is sharply 
reduced in the surfing mode as the wetted area is further decreased due to the 
nested bottom concavities 32 - 34 as the ship rides on the wave crest 44. 

30 Mechanical arrangements for retracting the side mounted hydrofoils 50 

are shown in FIGS. 6 through 10. The arrangements all provide for the hydrofoil 
retracting by swinging about a hinge or pivot at its root; in all cases also allowing 
intermediate dihedral positions for partial retraction and to provide roll stability 
and control. These arrangements also enable a change in angle of attack of the 

35 hydrofoils, provided either by rotation of the hydrofoils or by deflection of a 
trailing edge flap, or by some combination of these two means. 
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1 A simple arrangement for mounting the hydrofoils 50 on the lower sides 

of the ship 35 is shown in FIGS. 6a-d. The hydrofoil 50 is mounted at its root 
51 on a horizontal hinge 52 to swing from its lowered position extending 
sideways 50e from the ship 30 upwards through any desired dihedral angle 

5 position 50d into, a vertical position 50v for stowage during low speed 

displacement operation and docking and during high speed cruise if stability is 
otherwise maintained. A pivot 55a outboard of this hinge 52 to rotate the 
hydrofoil 50 in a plane 53 about its quarter chord front spar 54 is also provided, 
together with a motor 55b or other means to drive this rotation located at the 

10 three quarter chord aft spar 55. 

The surfing wave extends to the sides of the ship 30, as shown by the 
wave profiles 43 in FIG. 6a, namely, 41s for the surfing mode, 41 1 for the 
transition mode, and 41 d for the displacement mode, corresponding to the 
profiles shown earlier for the surfing wave 43 in the transition sequences of FIG. 

15 4 and FIG 12. 

The discrete mechanisms for dihedral and attack angle variations of FIGS. 
6b and c may be combined into a single mechanism as shown in FIG. 7. In this 
arrangement the mechanism for attack angle rotation about the front spar 54 is 
mounted on the dihedral hinge 52, and in this sense these two mechanisms are 

20 combined. Again a motor or other means to drive the rotation about the front 
spar is located on the aft spar 55. 

A preferred embodiment of an actuator mechanism for rotating the 
hydrofoil 50 about the horizontal hinge 52 is shown in FIG. 11. During 
transition, the hydrofoils 50 will rise in the water 40 until their lower surfaces 

25 ride on the ocean surface 41 , as shown in FIG. 1 2c. At this point, the extensive 
lower surface area of the hydrofoils 50 provides the surfing lift necessary to 
sustain the ship 30 as it accelerates to higher speeds where the ship hull lower 
surface itself can generate its sustaining force. Thus, at this point, it is preferred 
that the hinge mechanism enable the hydrofoils 50 to completely remove the 

30 ship hull 35 from the water 40 to avoid the hull's excess surface friction drag. 

To accomplish this, the horizontally extended hydrofoils 50e must be located 
below their hinge points 52. The hinge connection mechanism must then include 
an angle such as an "S" or an W L M member 80 between the hinge point 52 and 
the hydrofoil root 59. 

35 In FIG. 1 1 , the hydrofoil 50 is rotated about its hinge 52 by means of a 

strut arm 81 with a root hinge 82 at its root, a scissor hinge 83 disposed along 
its length, and a joining hinge 84 connecting it to a point along the length of the 
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1 hydrofoil 50. In this embodiment, the hydrofoil 50 can be extended to horizontal 

position 50e for transition, extended at some dihedral angle, such as 20 degrees, 
to position 50d for cruise, and retracted to a vertical position 50v for stowing. 
The successive motions of the hydrofoil 50 are accomplished as follows. To 

5 raise the hydrofoil 50 from horizontal position 50e to some dihedral angle 

position 50d, a motor 85 or other means first raises the root hinge 82 of the 
strut arm 81 vertically while the strut arm 81 remains rigid. Then, to retract the 
hydrofoil 50 to its vertical position 50v, the motor 85 scissors or collapses the 
strut arm 81 about its scissor hinge 83 and retires strut arm 81 within the cavity 

10 39 in the ship's lower side 35. To lower the hydrofoil 50 from its vertical 
position 50v to cruise position 50d, the motor 85 un-scissors and extends the 
strut arm 81 to its full length. To further lower the hydrofoil 50 from cruise 
position 50d to transition position 50e, the strut arm root hinge 82 is lowered 
vertically by the motor 85 while the strut arm 81 remains rigid. 

1 5 The hydrofoils 50 may also be retracted in a horizontal plane as shown 

in FIGS. 8a and b. In this retraction arrangement the hydrofoils 50 are swung 
horizontally about pivots 56 into cavities 37 located in the bottom of the ship 30. 
A hinge 52 is provided to swing the hydrofoils 50 up for dihedral angle variation 
50d. Angle of attack rotation again is provided about the front spar 54 actuated 

20 by a driver located at the aft spar 55. 

The hydrofoils 50 may also be retracted to a position 50a at the sides of 
the ship 30 as illustrated in FIG. 9. This retraction system is similar to that of 
vertical retraction 50v as shown in FIG. 6, but with the added feature that after 
the hydrofoils are swung up to an intermediate vertical position 50v about a 

25 hinge 52, they are then, in a second movement, rotated about a pivot 57 down 
to a stowed position 50a at the side of the ship 30. The dihedral swing up and 
rotation down to the alongside stowed position may, if desired, be combined into 
a single movement. 

Finally, the hydrofoils 50 may be rotated about their quarter chord 54 to 

30 a -90 degree attack angle as a first step, as illustrated in FIG. 10. As a second 
step the hydrofoils 50 may then be swung aft about the hinge 58 alongside the 
hull of the ship 30. 

When the ship 30 rises above the ocean surface 41 and surfs on the 
wave crest 44, its center of gravity is above the surfing plate 70, so the ship 30 

35 may require means for maintaining stability and control. The present invention 
discloses a two-level stability and control system with both aerodynamic controls 
and back-up hydrodynamic controls. As shown in FIG. 13c, extension of the 
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1 hydrofoils 50 in the air at a significant dihedral angle provides aerodynamic 

restoring forces that enhance stability in roll. Moreover, ailerons 60 on the 
hydrofoils 50, as shown in FIG. 13a, provide aerodynamic control in roll. 
Aerodynamic pitch and yaw stability and control are further enhanced by 

5 surfaces such as a conventional tail 61 with a horizontal stabilizer and elevator 

62, as well as vertical fins and rudders 63, all as shown in FIGS. 1 3a-c. Finally, 
as shown in FIG. 1 3b, the ship bottom 38 sweeps upwards at an angle from the 
flat or horizontal surface either fore, or both fore and aft, of the concave ship 
bottom 31 to provide displacement and aerodynamic restoring forces that further 

10 enhance pitch stability. The upsweeping of the ship bottom 38 also minimizes 
excessive water contact and friction by providing ample clearance between the 
ship bottom 38 and the ocean surface 41, even when the surfing wave 43 
becomes more flat as speed increases above the speed corresponding to peak 
wave steepness. 

15 In addition, a back-up hydrodynamic system is provided for the event of 

an unusual disturbance, such as an occasional high water wave. On the bottom 
aft end of the ship 30, a horizontal stabilizer surf ace and elevator 65 complement 
the conventional aft water rudder 64, as shown in FIG. 1 3b, to provide back-up 
hydrodynamic stability and control in pitch and yaw. 

20 Propulsion for the ship may be provided by conventional water propeller 

mechanisms 90 during displacement and transition, as shown in FIGS. 4a-b. 
Propulsion during transition and high speed cruise may also be provided by 
means disclosed in U.S. Patent No. 3,274,966 or by jet engines 91 , as shown 
in FIGS. 4b-c. 

25 

It is clear from this disclosure and its accompanying set of figures that the 
means of achieving efficient high speed ocean transport with a surfing ship, 
including means to enable the ship to make the transition from its low speed 
displacement mode to its efficient high speed mode operating on the crest of 

30 self-generated surfing wave, and means for maintaining stability and control 
during transition and cruise, have been described in detail, and the magnitude of 
the provisions disclosed may be varied according to engineering considerations 
for different conditions as required. 

While the preferred form and method of employing the invention have 

35 been described and illustrated, it is to be understood that the invention lends 
itself to numerous other embodiments without departing from its basic principles. 
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1 Having thus described my invention what I claim as novel and desire to 

secure by Letters of Patent of the United States is: 
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1 WHAT IS CLAIMED IS: 

1 . An improved water surfing ship employing dynamic lift allowing 
high speed operation with minimum drag, the improvement comprising: 

5 a hull having a bottom including a portion which is longitudinally 

concave down, said portion proximate the fore-and-aft center of gravity of the 
ship, said concavity generating a singular water wave at high speed, said 
concavity further conforming to a convex shape of the water wave, said convex 
shape dependent on the speed of the ship, and the concavity includes means for 

10 matching the convex shape allowing the ship to ride on the crest of the wave. 

2. A ship as defined in claim 1 wherein the means for matching the 
convex shape of the water wave includes a flexible plate that varies its camber, 
allowing the ship to ride on the crest of the wave. 

15 

3. An improved water surfing ship employing dynamic lift, allowing 
high speed operation with minimum drag, the improvement comprising: 

a hull having a bottom including a portion which is longitudinally 
concave down, said portion proximate the fore-and-aft center of gravity of the 
20 ship and generating a singular water wave at high speed, the concave portion 
further comprising a plurality of nested concavities of increasing camber, 
symmetrically disposed fore and aft about the ship's center of gravity, each 
concavity defined by a forward ramp and an aft step for conforming to a convex 
shape of the water wave, said convex shape dependent on the speed of the ship. 

25 

4. An improved water surfing ship employing dynamic lift, allowing 
high speed operation with minimum drag, having a hull with a bottom, including 
a portion which is longitudinally concave down, said portion proximate the fore- 
and-aft center of gravity of the ship and generating a singular water wave at high 

30 speed; said improvement comprising: 

hydrofoils extending outwardly from the hull adjacent said concave 
portion, said hydrofoils providing lifting area and span, generating lift to raise the 
ship vertically in the water to reduce wetted area and drag. 

35 5. A ship as defined in claim 4 wherein the hydrofoils attach to the 

hull at a location wherein a center of pressure for the hydrofoils is substantially 
a spanwise continuation of a bottom pressure created by the concave portion. 
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1 6. The ship as defined in claim 4 wherein the hydrofoils are 

incrementally retractable from a fully extended position through increments of 
dihedral angle predetermined to provide efficient lift and minimum drag at 
predetermined speeds. 

5 

7. A ship as defined in claim 6 further including means for complete 
retraction for docking and high speed cruise wherein the concave portion 
provides complete lift for the ship. 

10 8. A ship as defined in claim 4 wherein the hydrofoils further 

incorporate means for varying the effective angle of attack. 

9. A ship as defined in claim 8 wherein the means for varying the 
effective angle of attack comprises means for rotating the hydrofoils about a 

1 5 spanwise axis. 

10. A ship as defined in claim 8 wherein the means to vary the 
effective angle of attack comprises a trailing edge flap controllably rotatable 
about a spanwise axis. 

20 

11. A ship as defined in claim 6 further comprising retraction means 
including: 

a horizontal dihedral hinge enabling the hydrofoil to swing upwards 
from a horizontal operating position through intermediate dihedral positions to a 
25 retracted vertical position for docking and high speed cruise; and 

pivoting means at the hydrofoil center of pressure enabling a 
change in the effective angle of attack of the hydrofoil. 

12. A ship as defined in claim 1 1 wherein the dihedral hinge and 
30 pivoting means comprise a single universal joint. 

13. A ship as defined in claim 6 further comprising: 

a means to swing the hydrofoils horizontally for retraction wherein 
the hull of the ship further includes slots to receive the hydrofoils; and 
35 means to vary the effective angle of attack of the hydrofoils. 
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1 1 4. A ship as defined in claim 1 3 further comprising means for varying 

the dihedral angle of the hydrofoil. 

15. A ship as defined in claim 6 further comprising: 

5 means to rotate the effective angle of attack of the hydrofoils to 

approximately 90°; and 

means to swing the hydrofoils along side the ship hull. 

16. An improved water surfing ship employing dynamic lift, allowing 
10 high speed operation with minimum drag, having a hull with a bottom, including 

a portion which is longitudinally concave down, said portion proximate the fore- 
and-aft center of gravity of the ship and generating a singular water wave at high 
speed, said improvement comprising: 

hydrofoils extending outwardly from the hull adjacent said concave 
15 portion, said hydrofoils providing aerodynamic restoring forces to enhance 
stability in roll when said hydrofoils rise into the air above the water. 

17. A ship as defined in claim 16 wherein the hydrofoils are 
incrementally retractable from a fully extended position though increments of 

20 dihedral angle predetermined to provide efficient stability and minimum drag at 
predetermined speeds. 

18. A ship as defined in claim 1 7 further comprising retraction means 
including: 

25 a strut arm including a root hinge connected to the hull of said 

ship, a joining hinge connecting said strut arm to the hydrofoil, and a scissor 
hinge disposed intermediate said root hinge and said joining hinge; 

means for vertically raising and lowering said root hinge; and 
means for collapsing and straightening said strut arm about said 

30 scissor hinge. 

19. A ship as defined in claim 16 wherein one or more ailerons are 
disposed along the hydrofoils to provide aerodynamic control in roll or pitch. 
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1 20. An improved water surfing ship employing dynamic lift, allowing 

high speed operation with minimum drag, having a hull with a bottom, including 
a portion which is longitudinally concave down, said portion proximate the fore- 
and-aft center of gravity of the ship and generating a singular water wave at high 

5 speed, said improvement comprising: 

a two-level stability and control system wherein aerodynamic 
stability and control is provided by stability and control surfaces disposed on the 
upper portion of said ship, and hydrodynamic stability and control is provided by 
stability and control surfaces disposed on the bottom of said ship to provide 

10 back-up stability and control in the event of a disturbance which brings the 
bottom of said ship in contact with the water. 

21. A ship as defined in claim 20 wherein said stability and control 
surfaces disposed on the upper portion of said ship include a conventional 

1 5 vertical tail with vertical fins or rudders that enhance stability and control in yaw. 

22. A ship as defined in claim 20 wherein said stability and control 
surfaces disposed on the upper portion of said ship include a horizontal stabilizer 
and elevator that enhance stability and control in pitch. 

20 

23. A ship as defined in claim 20 wherein said stability and control 
surfaces disposed on the bottom of said ship include a horizontal stabilizer and 
elevator that provide back-up stability and control in pitch, and a conventional aft 
water rudder that provides back-up stability and control in yaw, if the bottom of 

25 said ship contacts the water. 

24. An improved water surfing ship employing dynamic lift, allowing 
high speed operation with minimum drag, having a hull with a bottom, including 
a portion which is longitudinally concave down, said portion proximate the fore- 

30 and-aft center of gravity of the ship and generating a singular water wave at high 

speed, said improvement comprising: 

stability and control surfaces disposed on the upper portion of said 

ship including a conventional vertical tail with vertical fins or rudders that 

enhance stability and control in yaw; 
35 stability and control surfaces disposed on the upper portion of said 

ship including a horizontal stabilizer and elevator that enhance stability and 

control in pitch; 
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1 stability and control surfaces disposed on the bottom of said ship 

including a horizontal stabilizer and elevator that provide back-up stability and 
control in pitch, and a conventional aft water rudder that provides back-up 
stability and control in yaw, if the bottom of said ship contacts the water; and 

5 a bottom of said ship that sweeps upwards at an angle from the 

horizontal forward of the concavity, providing sufficient clearance to avoid 
excess contact between said bottom of said ship and the surface of the water 
during high speed operation, and providing a displacement restoring force that 
enhances stability in pitch if said bottom of said ship contacts the surface of the 

10 water. 

25. A ship as defined in claim 24 wherein the bottom of the ship 
sweeps upward aft of the center of gravity. 

15 26. A ship as defined in claim 1 wherein the bottom of said ship 

sweeps upwards at an angle from the horizontal either fore, or both fore and aft, 
of the concavity, providing sufficient clearance to avoid excess contact between 
the bottom of said ship and the surface of the water during high speed operation, 
and providing a displacement restoring force that enhances stability in pitch if the 

20 bottom of said ship contacts the surface of the water. 
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